Background-The surgical management of petroclival meningiomas is, despite the invaluable technical achievements in the past decade, still burdened by a high operative morbidity. It seems doubtful whether radical surgical removal should always be the primary goal in those lesions as advocated until very recently. Methods-A series was critically analysed and the literature discussed to elucidate criteria for a different attitude. Between 1990 and 1995 a total of 19 patients harbouring petroclival meningiomas were operated on. The following approaches were used: petrosal (n = 13), retrosigmoidal (n = 5), and subtemporal (n = 1). Thirteen lesions were removed completely and six incompletely as assessed by postoperative MRI. Results-No recurrence or regrowth could be detected on MRI after a mean follow up of 18 months. Surgical mortality occurred in one patient (5%) and there was early postoperative dysfunction in 56%. At the time of follow up major permanent operative morbidity was present in two patients (11%). Conclusions-In accord with recent literature subtotal resection of petroclival meningiomas should be contemplated in a subset of patients (with invasion of brain stem or cavernous sinus) to reduce the incidence of disabling deficits. Surgery should not be delayed in younger patients because surgical morbidity relates positively with tumour size.
Published surgical series of petroclival lesions, particularly meningiomas, have undergone a remarkable and probably predictable evolution. Because the operative mortality for petroclival meningiomas has been reported to be as high as 56% before 1980, their removal was regarded as a "formidable challenge". However, the inherent fascination of technical challenges and the potential to cure meningiomas triggered the predictable part of the development.
With the simultaneous expansion of microneurosurgery, specialised skull base centres introduced new complex approaches and surgical techniques based on extensive anatomical studies. Subsequently reported surgical series-from the mid-1980s on-had a much lower mortality rate, ranging from 0 to 9%.'-19 However, temporary and permanent operative morbidity in all those reports still tended to be high. An immediate postoperative worsening was seen in virtually all patients. Permanent morbidity reached up to 50%, with severe disabilities in up to 18%. Although all authors openly reported those complication rates, the rather trite conclusion remained the same for the past 10 years: Radical tumour removal should be the primary goal in all cases, because it can be achieved by new and elegant techniques. The morbidity and mortality were simply considered acceptable by almost all authors. Only rarely were doubts expressed about this point of view. '4 20 Recently, some of those that had spearheaded many innovations and surgical aggressiveness in skull base surgery advocated a much more differentiated and critical attitude. 21 All patients underwent preoperative MRI for evaluation of tumour size and exact anatomical correlation. Tumour size and location were classified according to Sekhar et al. '7 Seven patients with suspected involvement of the internal carotid artery underwent additional preoperative angiography with balloon occlusion testing as a precaution in the case of arterial injury. In six patients simple standard approaches and in 13 patients so called complex skull base approaches were used (table) . The technical details of the mentioned routes of access to the base of the skull are described in detail elsewhere.1-3 5 the overall permanent surgical morbidity of 28%. Of those, however, three were minor neurological impairments. The remaining two patients with moderate to severe deficits were responsible for an 1 1 % incidence of major surgical morbidity. One has a pronounced hemiparesis which prevents her from returning to her preoperative activity, while being independent at home. The other has lost a preoperative useful hearing and facial nerve function (table).
Discussion
The extremely high hazard of operative death associated with the removal of petroclival meningiomas in the premicroscopic era of neurosurgery was successfully overcome from the mid-1980s on. All recent series show a mortality below 10%. '-19 This success was based on anatomical studies and reports reflecting the dedication of specialised groups in the development and refinement of neurosurgical techniques.272444 These publications, however, often focused on technique rather than discussing details of outcome. The authors' inventiveness earns the merit of reducing mortality and morbidity dramatically. However, we found their conclusion to advocate radical tumour removal as the surgical goal with permanent morbidities in up to 50% and severe disabilities in up to 18% of patients confusing. Very rarely has this philosophy been questioned.20
Recently two publications appeared that focused on outcome after the resection of petroclival meningiomas.2'23 The authors reviewed a large number of their own cases, most of which had been published earlier in multicentre studies and reached conclusions that "have modified the authors' present approach to these lesions". Our group was always rather unsure in thinking of radical surgical removal as the primary surgical goal in every case, although we were tempted to. In fact, until not long ago we thought that our attitude might be too conservative. Reviewing our series, however, showed us that this was not the case, as discussed in the next sections.
Surgical approaches
We have only used lateral approaches to the skull base, as we consider that anterior approaches such as transfacial, transoral, transmandibular, or extended transbasal routes34 35 37 39 41 44 are basically and primarily suited for extradural disease, which is in accordance with the literature. Some lateral routes such as the transcondylar22427 or infratemporal7 approach are rarely used, by contrast with those around or through the petrous bone. 1 4 6 8 13 15 19 21 23 25 28 31 33 37 Despite the confusing nomenclature, they all derive from a common denominator. In simple terms, a standard suboccipital, or subtemporal trepanation, or both are combined with a varying degree of petrous bone resection. Only with complete preoperative hearing loss is a total petrosectomy (transcochlear) indicated whereas otherwise a "tailored" pyramid resection should be performed. Most often-also in our series a combined subtemporal/suboccipital trepanation with posterior petrosectomy is performed. While providing excellent exposure, these complex routes have an inherent risk for operative complications which contribute to early postoperative dysfunction. In particular, CSF leaks and subsequent infections were seen in 28% of our patients and caused a prolonged period of recovery, a fact that is also appreciated in the literature.21 3 This high rate may be lowered by meticulous dural closure and the use of rotating muscle and fascia flaps. Another problem, despite advanced anaesthesiological management of brain relaxation, is temporal lobe retraction especially on the left side. In our series 27% of cases in which a left sided approach was used had postoperative neuropsychological impairment which again prolonged the period of recovery. This dysfunction is most likely caused by impairment of venous drainage and may be avoided or alleviated by paying particular attention to the venous anatomy and by using an appropriate surgical technique. Although these early postoperative deficits improved in all patients, similar to the experience of Sekhar et al,23 they must be considered as a potential cause of severe sequelae and therefore discussed in the counselling of the patients.
Permanent problems that were related to the approach did occur with respect to petrous bone drilling. In two patients (10%) there was impairment of the cranial nerves VII and VIII. This constituted a major morbidity in one of the patients. Also in the above mentioned published series inadvertent sacrifice of useful hearing or facial function that recovered only incompletely after reconstructive surgery is described in up to 16%.
Amount of resection and operative complications The question is, whether all tumours in all patients should be radically resected or whether some patients and some tumours preclude complete removal because of an unacceptable high risk of neurological deficits. In theory a radical excision of these "benign" lesions will best prevent recurrence. However, the natural history (for example, growth rate) and the recurrence rates after surgery including incompletely resected lesions are not fully understood and vary in other series between 13% and 20% after a follow up of up to 6-1 years.12 161721 23 Whether adjuvant radiation therapy is helpful in prolonging the interval or preventing progression is still matter of debate.45 47 However, these figures alone suggest that-at least for elderly patients subtotal removal is a valid option.2'2348 We have so far experienced neither recurrence nor regrowth in our patients after an, admittedly short, follow up of 18 months on average.
On analysing our operative mortality and morbidity two facts are apparent: (1) Our sole operative death and one of our two major permanent disabilities, a hemiparesis, resulted from attempted radical tumour dissection from the brain stem, when a clear tumour/brain stem interface was not visible. Sekhar et a 2'3 and Couldwell et a 21 both describe the phenomenon that some of these lesions show poor planes of dissection, with pial invasion of the brain stem parasitising its microvascular supply. They both conclude that this situation prohibits complete removal and may be predicted by the presence of brain stem oedema on preoperative MRI. (2) 
